
 1 

Q No Solution  Marks  Remarks  

1 (a) 
r

n

r

r

ax
r

af
)(

!

)(

0

is defined as the Taylor polynomial of )(xf  

about a .  

                     )1ln()( 2xxxf  

                    
2

1

1

12
)(

xx

x
xf  

  12)()1( 12 xxfxx  

  2)()12()()1( 122 xfxxfxx  

  02)()12()()1( 122 xfxxfxx  

       
0)(2)()12(

)()12()()1(

12

232

xfxfx

xfxxfxx
 

0)(2)()12(2)()1( 1232 xfxfxxfxx  

0)(2)(4

)()12(2)()12()()1(

22

3342

xfxf

xfxxfxxfxx
 

 0)(6)()12(3)()1( 2342 xfxfxxfxx  

 
0)(6)(6

)()12(3)()12()()1(

33

4452

xfxf

xfxxfxxfxx
 

 0)(12)()12(4)()1( 3452 xfxfxxfxx  

    0)0(f , 1)0(1f , 1)0(2f  , 4)0(3f , 6)0(4f  , 

24)0(5f  

      Fifth order Taylor polynomial of )(xf .is  

   r

r

r

x
r

f5

0 !

)0(

!5

)24(

!4

)6(

!3

)4(

!2

)1(

!1

)1(
0

5432 xxxxx
                                   

                      5432

5

1

4

1

3

2

2

1
xxxxx  

  

(b) 
)1ln()( xxg , 

x
xg

1

1
)( ,    

22

2

)1(

1

)1(

)1)(1)(1(
)(

xx
xg  

333

3

)1(

!2

)1(

2.1

)1(

)1)(2)(1(
)(

xxx
xg  

44

4

)1(

!3

)1(

)1)(3(!2
)(

xx
xg  

55

5

)1(

!4

)1(

)1)(4(!3
)(

xx
xg  

 

  



 2 

Q No Solution  Marks  Remarks  

   

Similarly in the above manner  
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  7  (a) 2yx  
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The augmented matrix of the above system is  
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  If  6b  

0000
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2zx  and 32zy  

Take z  where is a parameter  

Then the solution is  

2x  , 32y  and z  
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2
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P
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v
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3
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3
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2
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  kjir ttt 32cos122sin5  

Let tx 2sin5  , ty 2cos12  and tz 3  

 1
125 2

2

2

2 yx
 Always x  and y  co – ordinates lie on  an ellipse 

while z   co – ordinate increases with the time. 

 the point moves on an elliptic spiral  
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9 (a) 
(ii) Velocity kjir 32sin242cos10 tt  

92sin47610032sin242cos10 22222 ttt 2
r  

6539476100max r  

10990100min r  

Acceleration jir tt 2cos482sin20  

ttt 2cos1192542cos482sin20 22222
r  

t2cos11925 2  

48max r  and 20min r  

  

 

Q No.  Solution  Marks  Comments  

 9  (b) 
kji 432OC  , kji 224OD  

)224()432( kjikjiODCOCD  

kji 66CD  

kji 634OA  , ji 62OB  

jikji 62)634(OBAOAB  

kji 632AB  

7632 222AB  

 The unit vector along the direction AB  is )632(
7

1
kji  

N8 force along the direction AB is )632(
7

8
kji  

Woke done by the force is SF  

SF
7

216
66()632(

7

8
-k)jikji  
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9 (c) Applying tuS  

tAP )2( ji  

jijir t)2(  

jir )1()12( tt  

Appliying tuS  

tAQ )2( ji  

jijir 44)2( t  

jir )24()4( tt  

 The distance between two paths at any time t  is  

22 )241()412( tttt  

]1)2[(10504010 22 ttt  

 10mind  when 2t  

jiV 2PE  , jiV 2QE  

)2(2 jijiVVV EQPEPQ  

jiV 3PQ  
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10 (a) 
jir sincos rrOP  

The unit vector along the direction OP is r
r

1
 

 ji sincosl  

ii
cos

sin
tansin

2

rrNM  

jsinrMP  

ji sin
cos

sin 2

rr

MPNMNP
 

j)i cossin(tanrMP  

tanrMP   ji cossinm  

)sin(cos ji
dt

d

dt

dl
l  

ji cossin  

)cossin( jil m  

)cossin( ji
dt

d

dt

dm
m  

jsinicos  
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)sin(cos jim l  

lrr  

l
l

dt

dr

dt

d
r

dt

dr
 

ll rrr  

lm rrr  

llmmm rrrrr
dt

d r
 

mllmm rrrrr )(r  

ml
2

rrrr 2  

ml
2

rrr
r

rr 2
1 2  

ml
2

rrr
r

rr 2
1 2  

    ml
2

21
r

dt

d

r
rr  

  

(b) Applying aF m  

For M  ]1[)2(
2

2

rMrl
dt

d
MMgT  

For m  along the string ]2[
2

rrmT  

For m along the  tangent ]3[
)(1

0
2

22


dt

rd

r
m  

Integrating w.r.t. time tconsr tan2  

At 0t  
a

u
 2tan autcons  

 22 aur  
2

2

r

au
 

From ]1[  
M

MgT
r  

From ]2[  
4

22

r

ura

M

MgT
T  

3

22

r

ua
g

mM

Mm
T  

  

  

 

 

 

 

r 
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11   

 

 

 

 

 

 

Consider a small part of the ring at  with mass   

The moments of inertia of the ring about   

 

 

 

 

 

 

 

 

 

 

The area density of the plate  

The moments of inertia about 

 

Using the perpendicular  theorem  and  

 
Now consider r the cone  

 volume density  

 

 

 

Mass of the plate  

The moments of inertia of the plate about  its diameter 

 

 
Using the parallel axis theorem the moments of inertia of the about  

 

The moments of inertia of the cone about  

 
 

 

 

 

  

O 

 

 

 

 

O 
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Applying the energy conservation law  

 
Applying   

   

 

 

 

Differentiating   

 

 

 
When axis is vertical     
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